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CSOJ UJ84-S/O 

ÜOUPL1HG BEWIES» & RB50TAWJÜIAR. WaVBOTIDE 

AM) A OIROUIAR mVBGtTIDE OH A 

aTSJimmickL okvirt RESOHMPOH .THROUGH AS APERTURE* 

' "- C01SKmiSrf    ÖHXHA - 

'/^Following is a translation of an article 
by Ida Wei-tea« (2651 5634 1626), Gh'eng- 
tu Institut© of Radio.Engineering,  in 
Wu-11 He&elwp&o, Voluw*' 15, fernher 7, 

Abstr&dt 

.Ehree distinct systems of coupling through an aper- 
:tw© are treated in this paper; by a©&ns of approximations« 
•They are„ a&aeiy-J    eo-axl&l coupling between a rectangular 
and" a frlreular wwe guide;-   coupling between a T% n »ode 
in a rectangular wave guide and a TK12o mo&® ^ a ilvealsaf . 

:eavity5    ar!,* finally, cow.pli.Eg- between a T% o »<**« ^n a 

>ffö6tangtil&r wave gd'ido and & l^fflodä in a circular wave- 
Igpld«*   'itooßfiäfe certain approaches fco these problems-, it is 
hosed that the reader will'nnderatand the necessity' of,. 
treating complicated;? .fund&Kesital-inicrowiwe problems fro» 
the standpoint ■ of physical concepts*,    It.is■believed that, 
'the forfflila© suggested herein are brand n», and will have/; 
pertain, applications which .have' not been adequately exam- 
ined previously* . Also,, the techniques introduced here can' ; 
be applied to other constantly arising problems which «aast  ' 
be'dealt with In Microwave systems* 

1.    'fömw&s>ä. 

■  -Mithin certain microwave systems» we should use wave 
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guides or &@Mity r-asosators of varying geametrieee.    In. o^- 
der to e&loul&te the ®xt&rmX «haräetepisties of thesa- ays-- 
•bötestj, w© h&v® to eonaides* th© effects ©f diseoatiraiity as 
th&y 'be&y upon th© problem of ti!msltaa@c«ss eiiploymsnt of 
«■&\*® gtiid® 'coupling» öf mryi'ßg geotaet^leaa    A ealeul&fclo» 
of this tfp© 1® not m simple matter*    la f&et» it la- almost 
Impossible? to aehiwe any &o«waey when the eh&'sige of g@ca-- 
«try is appraeiablft*    ffihMMrfora!*. tn the study of ttieromrave. 
&y»fc&ra«, many different methods of approximation .asa»t be 
tis*& in th* ealemlation of e.aiplings of different ^lesaents» 
all ia thVhopa of obt&ialng; a high d.@gi»09 of aeemmey as 
*$11 as flsaglleity* ■'■'•■ 

.fha purpoa$ .of this pap«* is'to-«ploy the ealcula«. 
"tioai fcy'th^a« different .types of © «stapling system in an 
effort, to Int^odtiee «some methods of approxlmtion which 
rdght be tx&ofui "ia problem solving»    3Jh* reader will readi- 
ly"sss the »©eesslty fo?iM^i degree of skill ia solving 
these problems»  -Beea-as© of this factor, th© jstthods* used 
In this p&p®r a^e not .b<all®v$& to' b© the bsst*    Consequent- 
ly, & mors"'probing 'inv@Btiga.tion will reveal ©Ten better 
.t@ohn.iqu.es»* 

Even'though the'accuracy of .th« results presented 
'in this paper1 bar« not'been practically. (!«©«*. ksperdmen- 
tally) if ©rifled* the author has ©Employed, th© first and the 
&©§ond ooitp3»ing systems in actual practice and the results 
ha^e been satisfactory« 

2*    Sföd-ön Coupling Between Esets.rigi2.lax' and -Cylindrical 

Fig,  1' illiistrafeas a coupling system- öohalsting of a 
.rectangular wat'eguida and a cylindrical wave guide*    !Eh« 
•r-eetangiilär TO*?a guide is "at s<&>, th» cylindrical wwe 
gold© is at g>o*    At 2*0* the two wave guides are soupled 
together through a gmll eircmlar hole«,    The rectangular 
«rave guide has" sides'x^a/8,* y^ab/gs    the cylindrical wave 
guide has radius H«    Before solving this problem wa will 
inoris&lissö.the noraial wa\*es propagating in the wave guides,- 
in th©' following maxmer-s    taking s as th« direction of 

.'$>        .     .,.        ''..■•-*.'■■■ '-11&*swi«*M* w ■W-V»«W.'.-XM«M)' ** «ws^'^'if^*: 

*sä»^-<?4    :   •    "|f^"   '    ■.'.'■■■.-•        :■■■■? 
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propagation, normalise the transverse components &tn and 
Etn on the xy  plane; first normalize Htm 

then, according to wave guide theory., Etn is also normal- 

iZ6d: //£„"<**«*!..  . (2) 

where subscript t represents the value of the transverse 
component, n is the order of the normal waves; e.g** Efcn 
is the transverse component of the nth normal wave* Zon  is 
the wave impedance of' the nth normal wave 

»«ft  4? - — %       » 

wh proAand c>are the permeability and dielectric constants, 
respectively, of tha dielectric In the wave guide; >-is the 
operating wavelength, andA.gr Is the wavelength of the wave 
guide to "the nth normal wave? and, s Is the cross-section 
of the wave guide* 

Assuming that the rectangular wave guide and the 
cylindrical wave guide can only propagate the lowest TE 
mode, then the transverse magnetic field components which 
satisfy the normalisation conditions of equations (1) and 
(2) are (for a cylindrical wave guide)* 

■■   £;£' j rr*r     \ 

. O.S455V:r/?Ä      1*841 r 

while, in a rectangular wave guide, they are? 

„  1.414 . as* -i* **/*'«> 
(4) 

How, let us assume that an incoming wave of unit 
amplitude, and a reflected wave of amplitude P are present 
in'the rectangular wave guide; in the cylindrical wave 
guide there is only one outgoing wave of amplitude T.  In 
the coupling aperture, the electric and. magnetic- fields, 
E0 and K0# respectively, are yet to be determined. 

We already know that if two electric arid magnetic 
fields Ei, Hi, and Ej>, H2, of the sarae frequency satisfy 



Maxwell's hoB'iOgeneows equation, then in any defined region 
enclosed by a curvac! sarfaes S* the following is true 

f,(& x8»-«? _* K») •» 0s«0^ t W/ 

mher-e n Is the outward. eixrv© of surface 3«    IK th© problem 
at haBdj. ^s take a surfao© S in a eylinctrieal v?at?@ guide 
and apuiy ©q»   (5}i    a plans i^o.,,  on which the eoupling 
aperture lies,  Inside s^faee of the wa^e guide end a plan© 
fs^2is distant from plane swos    We talc® the outgoing ^av© in 
tha' cylindrical guide as 1^ H^» a:ad fe&fcs a. BOX».! wa:re 
with an &s& plitu&a of ftaeÄ which c&n$ and does propag&ta 
toward plane E^O» as I2* %2*    -&6rsfor*e#  the M wata on 
plane z^%-\  is ©ospüsecTef two oppositely ppop&gating wa-res* 
Sluo.® we fW& fksmneä that the wa^es are already normal!sed? 
and that ths üxmlituüe of the outgoing \«tv© in. the cylindri- 
cal gJiide is ff"we RO^ li&fs 

*_*Ei'-*i   '..   ...  :         i \ Xi } 

where s\xbsci?ipt b denotes the mXae of the cylindrical 
guideÄ and mifesor-ipi a denotes t'hs» value of the rec-tangu« 
lai5 guide * as shown in Fig«,  I*    On th© inner emxsfaee of the 
fmiööj, Eq»   (6)  takes a  sero f*al:ae;  on the plane gsö»  it 
takes thffi following foras 

<Vkstft> *  f ' 

['!¥ 
Jifei «A W6 j     W«.v     (UJJ.V9     «* w      MAI'S     i. V. »•-.{. WUi A f*g>    I CSWAIJ« 

,*a: 

(■8) 

In the above integral w© assume that lg a/od Hg are 
eonst-ant o%?er the. apertur-®«.    The Integra). TaMfe of n,~x E0 
Is proportional to ths m&gr^tle iviomoRt of a jsiag'netio dipole 
anc! It,, in 1mrn# is proportional to the rngsiitüda of the 
incoming Kra?©t    fbiis^ applying the ^sstilts' of Sq.«,   (&}# we> 
obta.i« 

01 ■ Si V 

&r 4 / «5   \& 

and H0t 
i® t'b.e diameter of tha aperture at origin* and. Egt 
are differentiated into the tangential cosspon&nbs 



Ctr^wse components} of % and H0.' Since what we are 
treating is of the TRi.i node, there is no longitudinal 
component and, hence, no moment of fIfftric dipole effect. 
W© take the sum of the EM field on both sides of the aper» 
turo as the JM  field, E0 and H0, O?«P the aperture* *JB» * 
shows-the m fields on both aides of the aperture,» so »hat, 
on plane s^o, ws arrive' at 

■ . Hi»-»«cur).+»*£'» (10) - 

Substituting in Kq„ (9) 

r- ^wz^TfniZSrZS ax) 
■-1 W*WM JS nm^wj 

Let us take two transmission lines of characteristic 
■adnlttar.ee Ta and Yb» and use reactive conductivity B of 
the shunt to eoxple them togetherj then, the coefficient 
of r.eflection V $  «** tn® coefficient of transmission T are, 
respectively*        ._...„_..^,. - ~Ä~ • 

\ ■»»    .-tjgX..--.- s f(K«« — ■*-"•- 

.;..t4--«?- -t*|•-'•irr- ■ . ' 
'•*. 

IShen B/Ta has a high'value, Eq*   (12)  can bo  expressed 
as follows: . ■ e ..■ ■;-•■-■ \g";;' f^S/H^* (x3) 

.' •  Oooparing Bq» •■(!») with Eq» (11), If the value of 
(lHffftVäat'Kbt) is' not hl®h» tban tho normalized reactive, 
conductivity b can. be stated as 

■:*'   ** -f" ■**  ■■'■"■'■■• t (14) 

Skase two equations» whan applied to the aperture 
coupling betraen two completely similar wave guide systems, 
give a degree of accuracy«, If there-is a conductive dia- 
phr&m with a cantered aperture* in the cylindrical guide} 
then, substituting the value of So» (3)s and knowing that 

J'iOfy i ■ vl. ■ ■ —^--- i *.«-»Ty t WQ have 
   " "" ." 0.586 itV. M^l^i?     ',  * 
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Bq»  (14| ©an be arbitrarily applied to any coupling 
problem In a wa?# galde with (two) different eross-seetion 
fti^&s, 03? oross-septloa .ghapss* provided w© tak® the cor- 
rest values of the &oxmli%&d %$ and 1%$ on both side® of 
th$ eoupllng apwfctt*»®*    In eases whsr© th© aperture is not 
edpcui&ff'ä? X3q*  1X4}  «till my ha applied if w@ ehoosfc"th© 
proper M*    Fot* iti&t&ne®, whsn two W&T© guides of dlff©3?«mt 
eross~s©ctloas are coupled together through an ape^tm*©* 
this ®quatlos#glves tie the 
mlu«> of tfa& I4aeti¥© öOJL« 
ductility due to th* factor, 
of discontimtitj»    As to th© 
problem of eeftfeered aperture 
coupling betwosn restangalat1 

giid® and cyllm&fdeal mir© 
güdd©s we h&ft&f from Eq*   (14) 

i"^^^.<J»Ä^*)l/*/'*l!J    (16) 

In Fig» 2, a numeri«. 
eal a&assple 'with plot is 
show«*    la this ©x&iaple* w© ■ 
hair© had to include a. con« 
version factor (due to the 
finite thick»»»« of the aper- 
tur©»    Sfe® e-oiifarsion factor 
Is Introduced by considering 
the mmtk^eji® as a short 
transmission line^ separat» 
i&g the two sides of the 
discontinuous plmm$ as shown 
In Fig*  5»    However > thus fas? 
wo have discussed only th© 
lowest EM ura-sre in th© ape.r- 
tur©, so in Fig» 3 t is th© 
thioknsss of the eonduetlve 
membrane IK, which the aper- 
ture is located*    2*5 ftJftdX$. 
as»®s respectively* the \\"&.-w4 
impedance of the wtxr® guida 
ha'Slag the aam$ ©2*oss«sec* 
tioss as the cp©ytu%»ö  (eoz»« 
reetly» tha mine after 
normalisation of on© wave 
guide Isaps&anee) » and wa1?© gui 
the thickness t is not large, 
be disregarded* 

In Fig.« 2n  the effect c 

Figur« £• Inductive 
Coupling Reaetlfe .Con» 
duetivity Eatwaea Raet» 
angular and Cylindrical 
WET© Guid.©g» 

de wavelength* Y& l/z&» When 
the series arm in Pig* 3 o&n 

f the series &v$n ^as not »on- 



sidered whan calculating 
the conversion factor of 
t ö*8EB&» 

Fig» 3 represents 
an äquivalent circuit of 
th© coupling system be- 
tween two guides having 
wave iffipedanöftß Z^&nd 
Z^»# Vormalised reactive 
conductivity, represent- 
ing discontinuity* can be 
calculated .fro» Bq* (16)» 

(Spnu*' 

Qmwi*}< 

Figure 3*  An Equivalent 
Circuit of Thick Apertur© 

©uide 

surface 
of the rectangular guide is.ft 
cavity resonator has a radius 

the 

Ag shown in-Fig» 4, the short aid® of the rectangu« 
las* guide Is parallel to the axis of the cylindrical cavity 
rasonfttor« The center of the rectangular wave guide cross- 
«eotion is located on the perpendicular which bisects the 

of the cylindrical guide* The eross-section arsa 
x ht  $^bs and th© cylindrical 
and height of on© (!)• At 
©enter of th« rectangular 

guide there is a circular aper- 
ture of diameter d to couple the 
rectangular guide and the cylin- 
drical cavity resonator together» 

Assume that th© propagat- 
ing mode in the rectangular wave 
guide is T2i.O* that there are 
only Hx 

Fig* 4*. Coupling Between 
Radial Tr-anaatiasion Line 
and Uniform Transmission 

Mae* 

gy«, and Hg' components» 
Jhase three e opponents- will excite 
HT* £g, Mid % in the cylindrical 
wave guide* We shall consider 
this resonator as a radial trans« 
»is«ion line« Also* we shall as« 
-sume there is only a TMigo ra°d© 
existing in this radial trans- 
mission line* This transmission 
line is coupled through an induc- 
tive ■ admit tanoe to a uniform line 
which can only support a.TBxfo . 
mode as shown in Fig*-. 4» &e co- 
ordinate system u&&& in the coupl- 
ing together of these two wave 
guides is also shown in Fig«'4» 

■ Finally, we can assume that the 



©asrgy is propagated from tlx& radial transmission line to 
the unifom line tkrcmgh teh©  coupling element« 

If the l±n&&$> dimeasloiis of the sapling aperture are 
mich, less them that of the wavelength# then tim radius ef 
curvs-tutf« of the aide aurtfae© ©:f the cylindrical oavlty T&B 
os&to^ is co.Tttpas*able ■sfltto the operating isä^elength«.   'AIöO? 

it is Ter-y Ia:?ge when coKspared with the linear- diBtftaoioni? of 
ths apfefftirpei ayid#  tfeereforej,  the field distribution in tin 

»» 

^-? E^ i ^*v     ■-'ti!r'    Vi 

- ■ - . „    . .>n 
re can eonsid&r* tills aperture as t'he ecmisliag !30fcwa&n two 

wava guides ef different oros^ssctloas/on® of eross<«seo« 
tiop. (ifrg) 3° I? £.M th$ othex1 a x b*    !I:m reason that we 
take RtwTfpg, instead of a^Etr-g la because* in tröatln« a 
~%g0 EM>d«-C t'here are two half «sine irsi/© trari&tiorss along 
the "eiTöUFi'er«snc«, ar.d on® half«sin© varl&tXö»' occupies one« 
half ol1 the ■ölysurafej*©»©«»    H«»6e*' the >e«ulta of Ecu  &&}" 
can be applied to this pTdbl&st «.„ 1*8«, ws ea.n tako-'tha 
VElus or is,  in tiis following equation» m the «.otmlinf? a?®« 
acj-tive eoMuetirity of this problems     ■ ■       * 

■In th© followinge we incidental1Y calculate' the trans» 
tovta&tion of tiie natural wavelength of the tM1P0 mod© opeil- 
1st ion du« to the loading of fei  to the cyllndrieal cavity 
rescss&fcor»    Wo already know that the oondltion for x»e»onanee 
iss    th© total r&aotive conductSvifc-y at x>sro+0 should be 

■   fTÄÄ$J {18} 

wh©3?s f represents the relativ« MisIttsiKi© at y»i?o» ^Sth 
i?«spect to that., of an open circuit at T^&t '"' 

 _ ,;   «M****,? 
* Of IT'"'  I 

■f 

1? 

A   A..  j?      / *■ """'> 

X, is the 
ma©j?e *i'£. Is the dsrimtitre^ with re^peet fu? 1Y;« 
of.*.h& Besftsl function, first kind first; or^.^1 
opiating vm&Iengkhj    alsof  it is the resonant wavelength 
ighnrwy®? 'Bey   (19)  is applleat>lefl "' 

Is* ordfrr to solt?e,for. the value of r/1, , ?ä as sum** 
that the ps'ößttxice -of t> doss sot i^Pßöptibly cbr^eX..* hsv)c^» 
we ear. mm introduce as infinitesimal qwaRfcitv c *    #f,*?«for@ * 



let 
7.62 

•HT^+TO) (20) 
wU&r-® '7*02 is thft second root of «M^}  .«• we do not eount 
the- .flwt «root S5@s?G *.« take the n&xt root* 5*83 f as tho 
first &na»    When to***«-»* €~*0J    thereforej,?v.0«««g^?#02*rg« 
Substituting &i*  (20) into Kc^*  CIS}-, we hav« 

fo f$ol¥ö fctf $ ? apply t&© T&ylos? swi#s expansion to 
t*is- second root' (7»OSS} of the Bsssel functions for the Xn- 
täsltesiws&l € £ omitting terms of a higher order than. ■€** w® 
get i - ' 

■ . (22)   ■ 
Bq.<»,  (22) gives tiia eoswsrslon fo^- radius rg with &* 

fixed **3>®omBt waTeX©ngt*^nd a fIsad coupling x^e&etiT® 
^cn5is«fc'5^1ty^* Conversely* if we take r^ &s fixed at 
l?*0£/21f®X©.* tb.©n the presence of coupling reaetiv© öoödu©» 
tlrlt;? b£ will cause & rate of change AXo£natural wa^©« 

^■"■m '»rsri ■  (23) 

Variations in height 1 do not affect tb.s TOlue of the 
natural T.'^.Telfiiigth, Its applicable falu© can be determined' 
tvtm other circuit factors« 

4*    OoimliRg Between Hsötanerulas* Wa?e G-iii$e and Cylindrical 
.   fa"«-© (Mid© 'Jäffotip an Apertur© OB the Side Surfae« of 

fejfte Cyi&närlö&l. Quid« ^AW; B.«i»Mwvafs«i* 

Assurae that th© short side of the rectangular guide 
is parallel to the axis of the cylindrical \mv.e guide, and 
that t3mra is only a Tä-t n  mod© propagating in the reetan» 
galas? waire guide* The TB^#0 2fi0*@ field ooapoiwrnts are HK«, 
Ey1^ and Bx% these acmp-ohhntB  will excite Bj^ B&? and H , 
in tlie cylindrical git.td@# 

As we did previously» asstiae that there is an incom- 
ing wave of ■ar*it amplitude and a reflected wave of aspll» 
tud© r# As in Pig/ 5, -there will 'be two outgoing w&¥es in 
ttm  aylindi'ie&I guide propagating along a.+ K end - S orienta- 
tion with amplitudes T *a»d f~ $.  r&spsetively* Also* assume 
that there- is ©nX? on© mode existing in the rectangular wave 
guide and it exeites only ems mo&&  in the cylindrical guide« 
Thereforej» in tfea eylindrisal guide* tho transverse eoa^>o«. 

0 



tmnt cS  the BM field can "be 

(»>#>i 

f c (24) 

where-ths positive subscripts, 
represent a physical quantity 
propagating along the posi- 
tiv© % direction, and those 
with mimis signs d©note a, phys* 
leal quantity propagating a« . 
long the negative' z  dir action» 
Subscript a indicates th® phys- 
ical qw.&rttity of th© norssal 
wave propagating in tba eylin«. 
drieal guide» and raheoyipt t 
demotes the t'p&nmevBe  cmßponant 
propagation constant» Tä ßl^ÖW» 

Wo use the following form 

«fAWywassMBClsfl*« 

*«i»wti!w*#««*/ii«^ * 

S?^?) 

Figar-a 5* Coordinate 
System Used irk Coupling 
Syatss Between Reotan^u,- 
lar and Oylindrioal Wa^e 

Guides* 

.a  ones again 

j>' • (35, _x HjrBj x H»)A - o J 

of the » field. V is thö 

(5) 

shares n* is an outward, normal to the surface S* We then 
h.m&  iho well«4moim problem of slot antaian&e« . We shall tig© 
Eq* (5} twice to arrive at the T+a»d T** in Eq» (24)* 

First, assurae that E«t and. H^ are th© sxeited BM 
•vraves C,Eq* 24) in the cylindrical guide that pass through 
the aperture| as Kgt 12* «@ tak© a normal wave propagating 
fross left to rights a» S? take the two planes, *»*«!, and 
the Izm&T  surfao» of th© guide containing the apart/ur©. with 
the aperture centered at SJ«0* Mow we integrate* Eq* (5); 
on plan© 2 ^£,3* both EM waves, lx, Hi, and Eg, Hg, a*e prop» 
agatisg in the same direction; frcaTorthogoiiic theorems (3) 
and (8)* and noa*fflftli8at.ioti conditions (1) and {8}$  w© know 
that the Integral has & K©2?O value; on plan© g^-s^, .where 
El, Ej^ and Eo» %* ar© p?*opagating in opposite directions* 
th© Integral takes a valua of SSonT*~ j on the ixmer sus9« 
faeft of th© guide» the integral value of the second term of 
Bq» (5) is sera» sine© E'.p x E^cn^H^^Cn* x %)* aad n* x Eg 
is always goro* when £» l's the electric fSall of a normal 
mm&+    However, the TOXUö cf the first t«rsa ia not cancelled 
out«' so that        „ „„   * „      . 

In 



S-cTOdlY, assume 'Eh  ©.nd H*| ar& st5.ll the EM waves 
**^-w- Vn -H^V-'H^rUajl wfc.¥e guide when passed through 
the süKlI helfe, ' WiiÄ tSmft*  though,  take a nprs».! ws 

It  gl 

au.t5atitait.inp Ko.*.   U'*)  into the aboir« two lj»t»gs»ale>  &xpres£ 
IfflÄ 2^*5. &s 20 f»r simplicity^ «a hare 

1 
with subscript. "lw are oei 

aperture*?'    whereas ä»  those ' 
SV are nomnallaod. components of the norm! EH wave. 

In ovix* pro-*falsttu we discuss fche EM waves of 'B^r* 
r.w(Sft in fch© oyllnüricäl gaide^  so Eg^o* and we have 

i. i 

Vfti-OB tihe apejffcu.re-ts'very saalX» we then hav© 

l£-JtiM«"---H^/£j?J (87) !F+« 

v?h©t-» n,   'Is fch* ■fefLTjfftntiai component- of 'the magnetic field 
on t-hö Sparfcurc,    As~lt «as pointed out in the second para- 

r*„    ,_       -—"^^™;^""7/c™^!l.ZlTl   ess) 



l@nt ciTfrntt diagram of this coupling spätem Is »hmti in 

es^liaärical «rswd gwid».    Thorefoi»«* the 'value of b is 

-•    -A9,..- '..'  &..."!  TCa?jS*a3F1 

«WWi 
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Figure 6* An Equivalent 
Circuit of the Coupling 
Byat&m Bcttwsem EoetaBga» 
lar «.ad CyllndFlo&X Wave 

at 

Xr* the sscoM p&ragF&ph, ire found a fmreiula for 
coupling between the Iowast TB* Q {dosdn&at ffi&is) mode in 
a rectangular -war© gai.de and tM lowest S'Ei i (dl.osdn&nt 
»öd©} mod* i» a cylindrical wave guide* Wssaiü& introduced 
a method for convertl&g the- thickness of the isa'sbr&ne* In 
thft third paragraph, wo applied th© concept of radial frans» 
mission lines to *h© coupling system 'between a ¥Kip0 mode 
osöiilatlon operating on the cutoff wavelength anri a ?6ct&n* 
gttlar wave guide, wMöh ersahles us to ties the results of th© 
aeeooa paragraph. In the f earth paragraph* we applied th* 
accumulated kaiswXa&g© of slot antsmae to t'h© coupling ays» 
tema bätwöea a roafcangular w&vo guide and a TK- ^ mod® 
osotll&tion of a cylindrical TOY© guide theP6lÄfc'obtainlng 
useful results«, In the third and fourth pa?&#r&pha» of 
course, w*» ewld apply all of the »ethoda" introduced in the 
first paragraph which nr«re concerned with necessary conver- 
sion of m.mit^titi.&  -thickness* 
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Theaa reaulfca are very 
UG.i~-.tu2 in Meropm?«. filter©,* 4 „f .,.,„„^ - ^„J?f*°l/fz 
as -^ll as other mlc^o^mve '■        1        ' ^ I 
ciT^itB *.- »\J.ch as ferrite jgL Sf g 
fiiESp'Hftftr'ö»  o* fT&qann®y mod- ■  1?   '  ' ■■ ^ ? 
alafeiosi eif^aitiS«,    Ifi pre.«« ,    _„,!.,_ „,„.„   ..„..„J..U™ 
tie&l $.pplloatlcn* vie fr®« 
c^ntl« em.§t convert the par« 
fel1»el  fo »«imfclJWtfas reactive Figure 7*    An E<jaiva- 
conäuotivlfcy into an ielaal lent Idaal Transformer 
transferors fmeh *.« that il« for Parallel Cell» 
l^trssta-l in Fig* ^V «fee«?© ^e ., 
h&T& omitted. ;feha series arais*    These series arras ar® of the 
muses&e&l ordöi* l/tu    Wh<m the coupling aperture is «mall» 
fchea- the value of* b is l&pge« proportiöii&tsly so «- and* it 
Is permissible to oait them« 

6(6    Authors Hots 
I <; •(■•«■** tiiBwdensdif^jiiidWM i 

T^.is p&por was first completed &&T1J in 1957 for 
presentation before th& opening as©ting cf the Kational 
Elä<!st3?ont(i8 Institute» Sines the meeting was postponed 
several tlBeSjf.. it was. consequently never presented«, 

Recently. b.owöves»j» the author has had several op«- 
port-unities to"apply the conclusions stated in this papsr« 
fhftröfüi'e^ I hair©" «Wr-itten the original papar for the 
purpose of publication «»•» in the hope that it might act as 
a stimulus dvtring the aG?s&t Leap Forward"« 
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